Background: Older subjects with type 2 diabetes mellitus (T2DM) have differential characteristics compared with middle-aged or younger populations, and require tailored management of the disease. Aims: To evaluate how clinical characteristics, degree of control of glycaemia and cardiovascular risk factors, presence of chronic complications and treatments differ between older T2DM patients and younger adults. Methods: Cross-sectional study using data from a populationbased electronic database. We retrieved data from 318,020 patients ≥ 30 years diagnosed with T2DM, attended during 2011 in primary care centres in Catalonia, Spain. We performed descriptive and comparative analyses stratified by gender and age subgroups: ≤ 65, 66-75, 76-85 and >85 years. Results: Both men and women across older age subgroups (> 65 years) had longer diabetes duration than younger adults (8.0 vs. 5.6 in men and 8.4 vs. 6.9 years in women; p < 0.001), but better glycaemic control (mean glycated haemoglobin 7.1 vs. 7.7 in men and 7.1 vs. 7.4 in women; p < 0.001), and better combined control of different cardiovascular risk factors (p < 0.001). Moreover, older patients were more likely to achieve glycaemic targets irrespective of having cardiovascular disease. The use of oral antidiabetics decreased with increasing age, and insulin in monotherapy was more frequently prescribed among patients in the older age subgroups. Diabetes-related complications were more frequent in men of all group ages. In the older age subgroups, patients of both sexes had a longer duration of T2DM but better glycaemic control. In this context, the prevalence of diabetic retinopathy decreased unexpectedly with increasing age. Conclusion: Control of glycaemia and cardiovascular risk factors was better among older T2DM patients. There is a need for prospective studies to quantify the weight of risk factors in each complication to adapt the therapeutic and care approaches in elderly people.
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What's known
The prevalence rates of T2DM increase with age, and older people are a growing population that account for a high proportion of cases among adults. Older patients are more likely to present cardiovascular complications and comorbid conditions, which entail specific goals to control the disease. However, elderly patients are systematically excluded from clinical trials, and there is also a lack of reliable data on the response to pharmacological treatments in this age group.
What's new
In a primary care real-life setting, T2DM patients in the older age subgroup (> 65 years) had a better control of glycaemic targets and cardiovascular risk factors than younger patients in spite of having a higher prevalence of chronic complications. Moreover, this age subgroup was less intensively treated with glucose-lowering and lipid-lowering drugs than younger patients. T2DM in elderly people should be clinically managed taking into account the observed differential age-related pattern of the disease.
Introduction
Type 2 diabetes mellitus (T2DM) has become one of the most serious and challenging public health issues of our time, and the human, social and economic burden associated with the disease has dramatically increased over the past few decades. According to the International Diabetes Federation 382 million people worldwide have diabetes, and 316 million are at high risk of developing T2DM (1) . In Spain, a recent epidemiological survey estimated that the prevalence rate of T2DM is around 13.8%, and that about 6% of the Spanish population is unaware of their disease (2) . Moreover, the study showed that diabetes is more frequent in men and prevalence rates increase with age (2) .
The global prevalence of diabetes in people 60-79 years of age has been estimated to be 18.6% (1); the prevalence of diagnosed diabetes in the United States in subjects ≥ 75 years was 20% in 2012, which is more than eightfold the rate reported among adults aged 18-44 years (2.4%) (3). Similar prevalence rates have been found in Spain, with 40% of the population aged 75 years and over having known diabetes (41.3% of women and 37.4% of men) (2) .
The strong link between age and diabetes is of concern if we take into account the progressive increase in life expectancy, which is likely to result in a substantial increase in the number of older people with diabetes, and a concomitant increase in the costs for the health system in the near future. There is compelling evidence that older onset-diabetes has differential characteristics compared with onset in middle-aged or earlier populations (4) . On the one hand, the disease starts insidiously in people 65 years and over, and remains frequently undiagnosed until a routine analysis is performed or after the subject is admitted to a hospital for any other reason. On the other hand, older people are more likely to present cardiovascular complications, have higher rates of comorbid conditions, mortality, and prevalence of geriatric syndromes (e.g. cognitive dysfunction, functional impairment, frailty, falls and fractures, polypharmacy, depression, vision and hear impairment, persistent pain, urinary incontinence) than older people without diabetes (5) . Finally, some studies report that older adults have a worse glycaemic control than other age groups with diabetes (6) , and have the highest rates of hyperglycaemic crises and also of hypoglycaemia episodes requiring emergency department visits (5) .
Although recommendations in clinical guidelines may vary per country, decision-making should not be in general based on the age of the patient but on a combination of factors including general health status and functional and cognitive ability, among others (4, 5, 7, 8) . Thus, in elderly individuals with preserved cognitive and functional abilities and a good life expectancy, the recommendation is a glycated haemoglobin goal similar to that recommended for younger adults. Conversely, the goal for glycaemic control in frail elderly subjects not meeting the above criteria or with greater hypoglycaemia vulnerability should be more relaxed, as the short life expectancy precludes the medium-and long-term benefits resulting from very tight control goals (4, 9) . Indeed, the benefits associated with glycaemic control require 5-10 years to reduce the incidence of microvascular complications (4, 10) , and it is not yet certain whether it has an actual impact in the incidence of cardiovascular disease (CVD) in these patients.
The objective of the present population-based cross-sectional study was to retrospectively assess and compare the clinical characteristics, degree of glycaemic and cardiovascular risk factors control, treatments, and diabetes-related complications between older T2DM patients and younger adults in a primary care population database in Catalonia, Spain. Secondarily, we aimed to compare these same variables stratifying by gender and different age subgroups.
Methods

Design and data sources
Descriptive, population-based, cross-sectional study at the primary care setting in Catalonia, Spain For the objective of the study, we extracted demographic data, including age (further categorised into age subgroups: ≤ 65, 66-75, 76-85, and > 85 years) and sex; clinical variables included diabetes duration; smoking status; body mass index (BMI); blood pressure (BP) (systolic and diastolic); standardised glycated haemoglobin (HbA1c) values; lipid levels including total cholesterol (TC), low-density lipoproteins or LDL cholesterol (LDLc), high-density lipoproteins or HDL cholesterol (HDLc), non-HDL cholesterol, and triglycerides (TG), estimated glomerular filtration rate (eGFR) using the Modified Diet in Renal Disease (MDRD-4) formula and urine albumin-to-creatinine ratio (ACR). Values of clinical variables corresponded to the most recent registered value in the last 15 months except for BMI, which was the most recent value in the last 24 months, and smoking status, which corresponded to the most recent information recorded in the medical history. As for comorbidities, the diagnose of hypertension and/or dyslipidaemia was considered if mentioned in an active record up to the cut-off date, and we also extracted information on the presence of diabetes-related chronic complications, namely ischaemic heart disease, heart failure, stroke, peripheral artery disease, diabetic retinopathy and chronic kidney disease (defined according to eGFR-MDRD4 and ACR values).
Control of CV risk factors were defined as follows: no current smoking; BMI < 30 kg/m 2 ; BP < 140/ 90 mmHg; HbA1c ≤ 7% (≤ 53.0 mmol/mol); TC ≤ 250 mg/dl; LDLc < 130 mg/dl for patients without CVD and < 100 mg/dl for those with CVD; HDLc > 50 mg/dl for women and > 40 mg/dl for men; and TG ≤ 150 mg/dl.
Statistical analysis
A descriptive analysis was performed stratified by gender and age subgroup. For qualitative variables, absolute and relative frequencies were calculated. For quantitative variables, mean values and standard deviation were obtained. Proportions and means were compared by Pearson's chi-squared test and analysis of variance (ANOVA), respectively. All hypothesis contrasts were bi-directional and the statistical significance level was set at 0.05. Moreover, the prevalence of diabetes-related complications and the degree of glycaemic control was studied stratifying by T2DM duration (≤ 5, 5-10, 10-20 and > 20 years). All analyses were performed with Stata/SE version 13 for Windows (Stata Corp., College Station, TX, USA) and R software version 3.0.1 (The R Foundation for Statistical Computing, Vienna, Austria).
Results
Characteristics of T2DM in ageing population
A total of 318,020 subjects with a diagnosis of T2DM were included in the study; 53.8% of them were males (N = 171,219; Table 1 ). Mean age of the overall population was 68.8 years (SD = 11.9); the mean age at diagnosis was 61.6 years (SD = 11.7), and the median disease duration was 6.7 years [interquartile range (IQR) = 6.2 years). According to prespecified age categories, 38.0% of subjects were ≤ 65 (62.9% males); 29.4% were 66-75 (54.3% males); 25.8% were 76-85 (45% males); and 6.8% were > 85 years (33.4% males).
There was a progressive improvement in glycaemic control values (HbA1c) with age in both genders (p < 0.001) despite longer diabetes duration in older age groups. In the total sample, obesity was more common among women than men (mean BMI 29.4 kg/m 2 vs. 31.0 kg/m 2 , respectively), and declined with age for both genders (p < 0.001). Of note, in both genders the mean values of diastolic BP, TC, LDLc and TG were significantly lower in the older age groups (p < 0.001).
The average values of eGFR-MDRD also decreased gradually with age in both genders; thus, the percentage of patients with renal failure (eGFR < 60 ml/min) and urine ACR increased gradually with age in both genders (p < 0.001).
Degree of control and treatment of T2DM with age
The degree of control of main cardiovascular risk factors for T2DM and pharmacological treatments is shown in Table 2 . The percentage of subjects with fair glycaemic control (HbA1c ≤ 7%) was significantly higher among older age groups (p < 0.001); moreover, a lower proportion of patients in the older age groups were not well controlled (HbA1c > 10%) in spite of having more comorbid conditions. Overall, a 22% of patients in both genders were not taking any glucose-lowering drugs. Its use was progressively reduced with increasing age, with a total of 71.5% of men and 68.4% of women older than 85 years taking any glucose-lowering agent. However, there was also a parallel increase in the use of insulin with age, particularly in monotherapy. There were no substantial differences in the control of blood pressure (BP ≤ 140/90 mmHg) with age, although the control was slightly better among patients ≤ 65 years, particularly in women (67.3% vs. 71% of men), while 65.5% of men and 62.9% of women older than 65 years had their BP under control. As for the pharmacological treatment of hypertension, there was a greater proportion of older subjects being pharmacologically treated compared with younger adults, and more frequently treated with a combination of different drugs.
In both genders, the control of dyslipidaemia, both in patients without CVD and with CVD (LDLc levels < 130 mg/dl and < 100 mg/dl, respectively) was better among patients 66-85 years than in patients ≤ 65 years, while in the age group > 85 years the highest values across all age groups was observed. Additionally, lipid-lowering drugs were used less frequently by both women and men in the older age groups (p < 0.001). As for the use of antiplatelet agents, their use was progressively higher with increasing age (p < 0.001), being used by 53.9% of men and 46.2% of women older than 85 years. Finally, the percentage of patients currently smokers decreased with age (p < 0.001), and in all age groups there was a much lower proportion of women smokers. As for the combined control of different cardiovascular risk factors (namely HbA1c ≤ 7%, BP ≤ 140/90 mmHg, LDLc < 130 mg/dl or 100 mg/ dl, and no smoking), it was achieved in 22.6% of men and 24.9% of women ≤ 65 years, while these percentages were significantly higher among patients > 65 years, ranging between 29.7% and 35.2% in men, and 29% and 32% in women across older age groups (p < 0.001).
Presence of diabetes-related complications with age
The prevalence of chronic micro and macrovascular complications associated with T2DM by gender and age subgroup is shown in Table 3 . There was a sharp increase in the frequency of heart failure and all Prevalence of diabetes-related complications by gender and age subgroup macrovascular complications (ischaemic heart disease, stroke and peripheral artery disease) with increasing age (p < 0.001 in all complications). The global prevalence of ischaemic heart disease was 8.6% in women vs. 15.9% in men; the prevalence of stroke was 6.4% in men vs. 5.3% in women; the prevalence of peripheral artery disease was 5.7% in men vs. 2.0% in women; and the prevalence of heart failure was 4.7% in men vs. 6.6% in women.
As for microvascular complications, diabetic retinopathy was more frequent among patients > 65 years (p < 0.001), although taking into account the diabetes duration, there was a progressive decrease in frequency with increasing age, particularly in men (Figure 1 ). The assessment of kidney disease by eGFR-MDRD showed a progressive increase in renal failure cases (eGFR-MDRD < 60 ml/minute) with age, which was also the case for ACR values, and both complications together were observed up to a 20% of men and 19.3% of women older than 85 years compared with a 2.2% of men and 1.9% of women ≤ 65 years (p < 0.001). Furthermore, albuminuria (ACR > 30 mg/mmol) increased with age and was more frequent in men than in women in all age groups (p < 0.001).
Impact of T2DM duration on glycaemic control and chronic complications with age
We further studied whether diabetes duration (≤ 5 years, 5-10 years, 10-20 years and > 20 years) was related to the degree of glycaemic control and presence of diabetes-related complications.
The older the patients were the higher the percentage achieving a glycaemic goal of HbA1c values ≤ 7%, and this was true in all age subgroups regardless the duration of T2DM. Moreover, patients in older age subgroups were more likely to achieve target glycaemic values irrespective of having a CVD or heart failure. For instance, the proportion of patients with a disease duration ≤ 15 years and no CVD who achieved target HbA1c values ≤ 7% was 49% among those aged ≤ 65 years, and 54% among those aged 65-75 years; in patients with a disease duration > 15 years and CVD, 56% aged ≤ 65 years and 83% aged 65-75 years achieved target HbA1c values ≤ 7% and ≤ 8.5%, respectively.
As for individual diabetes-related complications, there was a higher prevalence among subjects with a longer duration of T2DM and increasing age, particularly in those with a disease lasting for more than 20 years. This was true for heart failure (5.4% if T2DM lasting between 0 and 20 years vs. 10.1% after 20 years of diabetes across age groups, p < 0.001), coronary artery disease (12.3% vs. 21.3% after 20 years of diabetes, p < 0.001), stroke (5.8%, but 10.8% after 20 years of diabetes, p < 0.001) and peripheral artery disease (3.9% vs. 8.6% after 20 years of diabetes, p < 0.001). In the case of diabetic retinopathy, patients with a longer duration had also a higher prevalence of diabetic retinopathy (6.7% vs. 26% after 20 years of diabetes, p < 0.001). However, the prevalence decreased with increasing age (Figure 1 ).
Discussion
Older people are a growing population with T2DM that account for approximately 50% of all cases of diabetes in adults and have differential characteristics, requiring tailored management approaches (1, 5, 8) . The present descriptive study assessed the clinical and characteristics, the degree of glycaemic control, the presence of chronic diabetes-related complications and the use of pharmacological treatments in a population of 318,020 adults with T2DM treated in a real-life clinical setting.
The results evidenced the existence of different profiles between age groups: except for the control of BP, diabetic patients older than 65 years had a better glycaemic control and a better control of dyslipidaemia, obesity and tobacco smoking than patients ≤ 65 years; they were less frequently treated with glucose-lowering and lipid-lowering drugs, but more frequently with antiplatelet agents. They also had a better control of glycaemic targets and cardiovascular risk factors in spite of a progressive increase in the prevalence of chronic complications with increasing age.
We observed a better glycaemic control among elderly patients that was independent of T2DM duration and the degree of obesity, as it has been previously reported in another cross-sectional study (12) . Moreover, glycaemic goals were more often achieved by patients in the older subgroups regardless the presence of a CVD, in accordance with the results from clinical trials and observational studies suggesting that a global control of cardiovascular risk factors in older patients provides a greater benefit regarding morbidity and mortality than an intensive glycaemic control (13) (14) (15) (16) (17) . Antihypertensive treatment, for instance, has benefits even in very old patients (18) (19) (20) (21) , and there are also compelling evidences of the benefit of statins and antiplatelet agents in older adults in secondary prevention of CVD, while its use in primary prevention is controversial, and individual characteristics and the risk of related adverse events should be taken into account (5, 7, (22) (23) (24) (25) .
There is a lack of data regarding the benefits of the pharmacological treatment of T2DM among elderly people, mainly because they are systematically excluded from clinical trials, and evidences have been inferred from studies in middle-aged adults (5). From our results, both men and women ≥ 65 years used less glucose-lowering drugs, albeit with a progressive increase in insulin use with increasing age, which is consistent with the evidence that elderly patients eventually require insulin as a result of the natural progression of the disease but also because of the high prevalence of renal failure that contraindicates other antidiabetic drugs (26, 27) . Moreover, as BP increases with age, older patients used more hypertensive agents than younger patients reaching a similar control of BP. In relation to lipid-lowering drugs, they used less, which would be in agreement with the observed better control of dyslipidaemia, although the particular subgroup ≥ 85 years had the worse level of control across all age groups. This is probably because of the fact that they were using less lipid-lowering drugs because general practitioners do not prescribe them based on the scarce evidences on the benefits of statins in very old people.
As expected, increasing age was associated with a parallel increase in the prevalence of micro and macrovascular complications except for retinopathy, which decreased after 85 years, and they were more frequent in men. This pattern was dependent on the diabetes duration and also on the degree of obesity in the case of heart failure, which suggests that control and prevention of CVDs must be an important goal based not only on the age of the patient but also on disease's duration.
The present study has several advantages and limitations. The main strength is that this is the largest cross-sectional study conducted in Spain to study T2DM in older population through the use of a large primary care database with high quality records previously validated in other studies (28, 29) , and that is closer to the real-life clinical practice than randomised clinical trials, which usually exclude elderly patients. However, no causal associations between risk factors and presence of diabetes-related complications can be drawn because of the cross-sectional design, and we estimated the strength of these associations stratifying by other variables. Moreover, the retrospective design may have prevented analyses or biased results regarding some of the variables. Records for diabetic neuropathy were also scarce, probably because it is difficult to diagnose and there is a lack of uniform diagnostic criteria. In addition, and inherent to all cross-sectional studies conducted in elderly populations, there is a survival bias because patients with diabetes-related complications, poor control and/or severe forms of T2DM usually die at a younger age than patients with a late onset and/or well controlled disease. It is possible that those who survive have different metabolic characteristics and also a slower decline of beta cell function in the natural history of T2DM than those who do not survive. This could lead to significant bias. Avoidance of this bias could only be addressed through the design of prospective controlled long-term follow-up studies. Finally, mortality could have also impacted the prevalence of particular factors and complications, as populations at high risk have greater mortality rates and therefore survivors in older age groups have a lesser prevalence than actually expected.
Conclusion
Patients with T2DM older than 65 years have a better glycaemic control and a better global control of cardiovascular risk factors than younger adults. However, older age groups were also more likely to achieve glycaemic targets irrespective of having CVD and longer diabetes duration. Finally, the use of agents to control hyperglycaemia and dyslipidaemia was lower in older ages. This differential age-and gender-related pattern stresses the need to individually adapt the therapeutic and care approaches of T2DM in elderly people to allow the best benefit and the lowest risk at all stages of the disease. Further research is warranted to investigate through prospective and interventional studies the observed differences in the clinical behaviour and treatment of T2DM in elderly people.
